To facilitate the measurement of lipid losses from spermatozoa due to freezing, three low-lipid seminal extenders containing lactose, bovine serum albumin, or soybean protein were evaluated as potential cryoprotectants. All extencters were formulated to have an osmotic pressure within the range of 270 to 330 mosmol and a pH of 6.8 to 7.0. Soybean protein (Promine-D) maintained the highest post-thaw motility of spermatozoa with similar survival for spermatozoa frozen in ampules and straws. The extender derived from testing several components consisted of Tris(hydroxymethyl) aminomethane (245 raM), and citric acid monohydrate (78mM), as the buffering compounds; and fructose (69 mM), glycerol (7% vol/vol), and Promine~D (1.5% wt/vol). Post-thaw sperm motility of approximately 40% was not different from the Tris-egg yolk control. Fertility of fresh rabbit semen treated with the extender was normal.
Introduction
Most seminal extenders for freezing bovine spermatozoa in the artificial insemination inReceived March 7, 1974. 1 Address: Dr. G. H. Coulter, Agriculture Canada Research Station, Lethbridge, Alberta, Canada TIJ-4B1. dustry include either egg yolk, milk, or components of these materials as protective agents to reduce cold shock and freeze-thawing damage. Hereafter this will be simply referred to as freezing damage, since the two phases have usually not been separable and are so reported in the literature. Egg yolk-citrate and whole milk extenders contain approximately 6 and 3% lipid, which is considerably more than would be expected to be lost from spermatozoa during fi'eezing and thawing (5, 19, 20) .
Magnitudes of lipid lost from spermatozoa cooled and frozen with protective agents have not been investigated, but such loss could be important because of the central role of lipids in biological membranes (13, 21) . The loss of the intracellular enzyme glutamic oxaloacetie transaminase (GOT) from spermatozoa during freezing (3, 9 to 11, 18) has been hypothesized to indicate membrane damage due partially to lipid loss. Our objective was to develop a lipid deficient extender so that lipid and enzyme losses from the sperm cell during freezing could be studied. Furthermore, such an extender, if devoid of proteins in extenders currently used, might be desirable for inseminating subfertile cattle having antibodies to egg yolk (2, 7, 12, 14, 17) .
Experimental Design
Semen was from Holstein bulls housed at a local stud. In Experiments 1 to 3 semen was diluted to 30 X 106 sperm/ml of extender without glycerol and cooled for 1 h to 5 C. An equal volume of extender with 14% (vol/vol) glycerol was incorporated in one addition and the semen mixed, packaged, and frozen. All freezing of 1.0 rnl glass ampules and .5 ml French straws (excludinK the 4X frozen treatment of Experiment 5) was according to standard procedures of Eastern Artificial Insemination Coop., Inc. Partially extended semen was cooled from 32 C to 5 C in 1 h, and glycerolated by the drip method in approximately 20 rain.
Experiment I. Promine-D, lactose, and bovine serum albumin (BSA, fraction V, fatty acid poor) were screened as possible lipid-free protective agents. This experiment was a 3 >( ..
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Extender contains < .0075~; lipid. h Product of Central Soya, 1845 North Laramie, 9 X 5 factorial designed to study three cooling and/or freezing treatments (24 h storage at 5 C, freezing in straws or in ampules), nine extenders (Table 2) , and replicated with semen from five bulls. Eight experimental extenders were prepared with Promine-D, lactose, and BSA as protective agents. These were added to a Tris (hydroxymethyl) aminornethane-citric acid monohydrate buffering system (Table 1) and compared with a Tris-egg yolk control (6) . All extenders were within the range of 277 to 310 mosmol and a pH range of 6.8 to 7.0. After 1 wk of storage in liquid nitrogen, ampules and straws were thawed in 40 C water, and sperm motility was estimated.
Experiment 2. This experiment was a 3 X 3 X 3 X 5 factorial arrangement designed to study three concentrations of Promine-D (.75, 1.50, and 3.25% wt/vol), three amounts of lactose (0, 97, and 194 raM), three methods of storage (24 h at 5 C, frozen in ampules, and in straws) with semen from five bulls ( Table 3 ). All extenders were within the range of 293 to 318 mosmol and a pH range of 6.8 to 7.0. Experiment 3. In a 3 X 3 X 5 )< 2 factorial the effect of glycerol (5, 7, and 9% vol/vol), and osmolarity (270, 301, and 330 mosmol) on the post-thaw motility were examined using semen from five bulls packaged in ampules and straws. The concentration of Tris-citric acid was adjusted to achieve the ,specified osmolarities while the balance of the extender contained 69 mM fructose and 1.5% (wt/vol) Promine-D. viable spermatozoa from the same pooled ejaculates diluted 5X with Promine-D extender (Table 1) . Semen was diluted with the appropriate extender 10 to 20 rain before insemination. Ovulation was induced by injecting luteinizing hormone.
Experiment 5. Premine-D lipid-deficient
seminal extender (Table 1) permitted the measurement o,f changes ha lipid content of spermatozoa and the extra-cellular medium of frozen-thawed extended semen. High lipid content of conventional semen extenders precluded them from inclusion in this study. Because estimates of lipid loss were based on measurements of phosphorus, the phosphorus content of Promine-D was reduced by freezethawing a stock solution (60 mg/ml) to --196 C four times and dialyzing the protein against distilled water for 24 h. This reduced P by approximately 75% without affecting the protective nature of Promine-D toward spermatozoa, as measured by progressive motility.
Semen was collected from 15 Holstein bulls regularly ejaculated twice per day, 2 days/wk. Aliquots from first ejaculates were diluted to a final concentration of 50 X 10 ° sperm/ml in Tris buffer with or without Promine-D (Table  1) . Tris (hydroxymethyl) aminomethane and citric acid monohydrate of the latter diluent were adjusted to .attain an osmolarity of approximately 300 mosmel. The semen diluted in the two solutions was factorially treated three ways: fresh semen cooled to room temperature, semen cooled and frozen once in .5-ml "French Straws" under the standard conditions of Easteru Artificial Insemination Coop., Inc., and semen treated as in the second procedure followed by thawing in 40 C water, with three additional freeze-thaw cycles, i.e. 4X frozenthawed semen.
Following each of the six treatments, duplicate 3.0-ml samples of diluted semen were centrifuged at 10,000 )< g for 10 min. The super-JOURNAL OF DAIRY SCIENCE Yon. 58, NO. 1 natant was carefully decanted and stored at -20 C until analyzed for lipid. The cellular pellet was washed by gently resuspending it in 10.0 ml of TrY-citric acid buffer (Table 1) , and again centrifuging at 10,000 X g for 10 min. The supernatant from the wash was carefully decanted and stored at --20 C until lipid analysis. A lipid extraction (8) was carried out on the cellular pellet by resuspending the cells in 10.0 ml of a 2:1 chloroform:methanol solution. This suspension, along with an additional 10.0 ml of chloroform:methanol used to wash the test tube, was added to a 25 ml sonication vessel kept in an ice bath.
Sonication was for 5 min at maximum power with a Branson Sonic Power Model S-125 sonitier. Following sonication the contents of the vessel and 10.0 ml o~ washing solution were filtered into a 60 ml separatory funnel. Twenty milliliters of 2X glass redistilled water were added; the funnel was stoppered, shaken vigorously, and allowed to stand until a clear interphase was apparent (usually overnight). The upper phase was then carefully aspirated, and the interphase was washed 3X with pure solvent upper phase (8). The lower phase was then drawn off, dried under nitrogen vapor, and analyzed for phosphorus (4) . To allow for a comparison of the data resulting from this experiment with previously published work, the results have been converted from vg atoms of lipid phosphorus to total lipid by a multiplication .factor of 34.25, as phosphorus comprises 4% of phospholipid which in barn comprises approximately 73% (15, 19) of total spermatozoal lipid. Superuatant and pooled cellular TABLE 2. Effects of Promine-D, lactose, and bovine 24 h at 5 C.
washes (19) were analyzed for lipid phosphorus and converted to total lipid in the same way as the cellular pellet.
Glutamie oxaloacetic transaminase (GOT) samples were prepared by a raffinose-dextran gradient technique (3). Samples were stored at --20 C until analyzed. GOT was quantified by the Sigma Chemical Co. (St. Louis, Me) analytical kit No. 55-UV and a Beckman DU Spectrophotometer set at 340 nm.
Results and Discussion
Experiment 1. For semen stored at 5 C BSA was beneficial, and a combination of lactose + BSA sustained slightly higher motility than lactose alone (Table 2) . When BSA or lactose was added individually to Promine-D, results at 5 C were identical to Promine-D alone. However, when BSA + lactose was added to Promine-D sperm motility was severely depressed, indicating a harmful lactose X BSA interaction. Best sperm motility was sustained by extenders containing Promine-D.
The post-thaw motility of sperm frozen in ampules followed trends sianilar to the results at 5 C. The mean sperm motility in straws was lower (P < .01) than for ampules. Neither lactose nor BSA offered much protection. In both ampules and straws Promine-D alone was the most effective experimental extender, and it sustained post-thaw motility not significantly different from the control Tris-egg yolk extender. Promine-D appeared to be an excellent prospect ,as a protective agent against cooling and freezing damage. On these observations, and because lactose has been used as a protecserum albumin as cryoprotective agents and after Experiment 2. The effect of Promine-D and lactose are in Table 3 . There was a decrease (P < ,01) in sperm motility as lactose concentration increased. This decreased motility was more severe at lower Prornine-D than at higher concentrations where Promine~D appeared to mask deleterious effects of the lactose. A significant interaction (P < .01) of Promine-D with lactose was due to the greater depression of spermatozoal motility at low Promine-D concentrations than at higher concentrations. Lactose added to a Tris-citric acid-fructosePromine-D extender was alvcays detrimental in contrast to its often reported value when included in yolk extenders for freezing bull sperm. Although the mean motility for ampules (44%) was higher than for straws (41%), differences were not statistically significant (P > .05). In this experiment a difference in favor of the control extender was greater than in Experiment I.
Experiment 3.
No differences were statistically significant in any of the glycerol or osmolarity levels so data are not presented. Thus, the osmolarity of Promine-D extender from 270 to 330 mosmol is not critical to viability of bovine spermatozoa. The spermatozoa tolerated glycerol equally well in the range of 5 to 9%
(vol/vol) in this extender. Although the postthaw motility of spermatozoa packaged in straws was higher than for ampules (48 versus 46%), primarily because of the lower values with 9% glycerol in ampules, no differences were significant.
Experiment 4.
No inhibition of fertilizing capacity of rabbit spermatozoa was associated with Promine-D, as 9 out of 10 does inseminated with treated semen produced normal litters as compared to 10 out of 10 controls. However, fertility results with bull sperm remain untested.
Experiment 5. The mean lipid of sperm in fresh semen diluted with the protective Promine-D extender was almost identical to that for sperm diluted in TaSs buffer diluent which lacked a cryoprotecfive agent (Table 4) . Also, the lipid for sperm freeze-thawed 4X was .similar for both protected and unprotected treatments, When one compares the lipid of sperm frozen 1X there was a greater amount (P < .01) of cellular lipid retained after freezing in Promine-D extender than in the unprotective Tris buffer diluent. Even with protection by Promine-D there was a loss (P < .01) of approximately one-third of the fresh lipid due to freeze-thawing once. As would be expected, the supernatants showed correspondingly dif- (20) after cold shock and freezing may be attributable to protection of more closely associated ceils in raw semen and/or the protective qualities of the undiluted seminal plasma.
Values for GOT are in Table 4 . As the sperm cell lipid decreased, extraeellular GOT increased. The GOT content of the Promine-D medimn which had contained once frozenthawed sperm cells was less than in the corresponding Tris-buffered diluent (P ----.05), and this difference increased after 4X freezingthawing (P < .01). The correlation between the GOT lost after one freeze-thawing (expressed as a percentage of GOT lost after 4X [reezing and thawing) and lipid content of cells after one freeze was .65 (P < .05). Thus, about 42% 'of the variation in GOT escaping was associated with lipid loss from the spermatozoa. This may be interpreted to indicate that the lipid loss increased porosity of spermatozoal membranes which allowed for more of the intracellular (or membrane bound) GOT to JOURNAL OF DAIRY SCLENCB ~OL. 58, No. 1 escape.
We postulate that some lipid is lost from sperm cells during freezing in standard egg yolk or milk semen extenders since cellular GOT is lost and sperm motility declines when sperm are frozen in these extenders (10) . It is unknown whether an environment which would prevent completely lipid loss from sperm during freezing also would reduce greatly sperm cell death with current bull semen freezing practices.
From an immunological point of view Promine-D extender may be a useful extender for inseminating certain problem cows with little chance of an immunological cross reaction from antibodies to egg yolk or milk. However, this aspect and fertility of bull semen frozen in this extender require further investigation.
